Abstract Day-care attendance accounts for an increased frequency of acute respiratory infections (ARI), in numbers of both episodes and hospitalizations. In addition to day
Introduction
Respiratory diseases are one of the main causes of hospitalization in children under five years of age. According to Cesar (1995) , pneumonia was responsible for 3% of hospitalizations in children up to one year of age in the city of Pelotas, Rio Grande do Sul State. Characteristics such as age, presence of siblings, a crowded environment, and attendance at a day-care center were identified by Anderson et al. (1988) as risk factors for respiratory infection.
According to a study conducted by Wald et al. (1991) , 13% of children from two to three years of age attending day-care centers presented uncomplicated episodes of respiratory infection lasting over 15 days. Compared to children staying at home, Wald et al. (1988) found that children attending day-care centers developed at least six respiratory infections a year, remained sick for over sixty days, and presented at least four serious episodes of the illness. In two case-control studies, Fonseca et al. (1993) reported that day-care attendance was associated with a five-fold increase in the risk of pneumonia in the city of Fortaleza, and Victora et al. (1994) reported a nine-fold increase in the city of Porto Alegre.
Having characterized the impact of respiratory infections on preschool children, we sought to assess the association between acute respiratory infection and the number of hours spent in the day-care center.
Material and methods
A cross-sectional study was designed to simultaneously investigate day-care attendance, number of hours per week that the child remained in the day-care center, and prevalence of acute respiratory infection. The target group consisted of children aged 1-5 years whose parents worked at the University Hospital in Porto Alegre. The children were randomly selected from two groups, those enrolled in the day-care center (using the center's register) and those not attending the center (contacting hospital employees who reported having children in this age bracket). We opted to study children of hospital employees because the parents' employment status made their children eligible for day care, thus reducing or eliminating interference from economic factors related to access to care.
We constructed a hierarchical theoretical model (Figure 1 ) to describe relations between attendance at the day-care center and acute respiratory infection (ARI) and to orient our analysis. In this model the family's socioeconomic status is the distal determinant of ARI and its complications, establishing housing conditions (a score of household goods) and the environment (crowding) where the child was born and is raised, followed by other determinants, like contact with siblings or with other children upon attending the day-care center. Thus, the independent effect of day-care attendance should be analyzed considering the other characteristics as confounding factors. Details on hierarchical modeling are described elsewhere, such as Victora et al. (1994) and Fuchs et al. (1996) .
Acute respiratory infection was defined as the presence of at least two of the following signs or symptoms in the previous two weeks: axillary temperature > 38 o C, cough, coryza, rales, dyspnea, tachypnea, and otitis as reported by one of the parents.
We investigated the association between acute respiratory infection and the following characteristics:
• sex and age; • socioeconomic status: score of household goods, based on the sum of the number of rooms in the house, cars, electric and electronic home appliances (dishwasher, clothes drier, refrigerator, microwave oven, VCR, air conditioner, clothes washer, freezer, color TV, sound system with CD, computer, and telephone). The study also included the parents' level of schooling measured as the number of years completed (1-8, 9-11, and > 12) and crowding of the home environment, as assessed by the number of persons sleeping in the same room as the child (1, 2, > 3); • history of disease: history of pneumonia (yes, no) and otitis (yes, no); • current use of pacifier (yes, no); • environmental factors: presence of smokers in the household (measured by number of cigarettes consumed per day: 0, 1-20, 21-60), attendance at the day-care center (yes, no), number of hours spent at the day-care center in the previous two weeks, presence and number of siblings residing in the household.
These variables were obtained through an interview employing a standardized, precoded, previously tested questionnaire. As characteristics associated with risk of developing ARI, we considered those with a statistically significant "p" (p<0.05, two-tailed), using the chisquared or multivariate analysis, with a prevalence ratio (PR) different from one for the latter. In some analyses we adopted the linear trend test utilizing the same statistical criterion. The sample of 106 children provided a power of approximately 80% for detecting a prevalance ratio of 3.0 as statistically significant at 5% (two-tailed), considering the proportion of 2.5 exposed to 1 non-exposed, and a prevalence of 14% for the disease among the non-exposed.
We obtained consent from the children's parents and the day-care center directors and guaranteed confidentiality of the information obtained through the interviews.
We analyzed the associations between the study characteristics and prevalance of acute respiratory infection using Pearson's chisquared test, with the SPSS-PC program. In order to study the independent effect of attendance at the day-care center in relation to confounding variables such as age, presence of siblings, crowding, and socioeconomic status, we employed a logistic regression analysis, using the EGRET program. The odds ratios obtained in the logistic regression were transformed into prevalence ratios (PR) using the formula described by Moreira (1994) : PR = OR/(1 + prevalence of event in the non-exposed X (OR -1)).
Results
We studied 106 children with a mean age of 3 years and 4 months, with a slight predominance of females (53%). Table 1 shows how the sample included fewer children in the 24-35 month age bracket, and that there was a greater frequency of acute respiratory infections in this group.
The socioeconomic status of the children did not differ greatly for the categories (Table  2) , except for the fact that 15% had a low score of household goods and 14% -17% of the par-ents had begun or concluded a university education. Children from families with lower scores of household goods had a higher frequency of respiratory infections (63%), while the parents' level of schooling was not significantly associated with the presence of respiratory infection.
When assessing household exposure, we found that a larger number of persons sleeping Table 2 Association between socioeconomic characteristics and acute respiratory infection. in the child's bedroom did not significantly increase prevalence of ARI. When we investigated the frequency with which the children had presented infectious respiratory diseases prior to the given episode, neither the use of a pacifier nor exposure to parents or relatives who smoked showed a statistically significant association with ARI (Table 3) .
Variables
Overall prevalence of acute respiratory infection was 42%, with 14% for children who did not attend the day-care center as compared to 53% for those who did. The children who had attended the center had stayed there for a mean of 68 hours in the previous two weeks (range was 24 to 100 hours). We found that attending the day-care center was associated with approximately twice the prevalence of acute respiratory infection; after adjusting for score of household goods, crowding, presence of siblings, and age, this association was approximately four-fold.
Attendance at the day-care center proved to be associated with prevalence of ARI and was three to five times greater as the number of hours spent there in the previous two weeks increased, regardless of the score of household goods, crowding in the household environment, the child's age, and presence of siblings.
Having more siblings living in the same household was not significantly associated with prevalence of ARI.
Discussion
This study confirms results published by Denny et al. (1986) , Wald et al. (1988) , Petersson & Hakansson (1990) , and Hurwitz et al. (1991) characterizing greater frequency of respiratory infection in children attending day-care centers. In addition, it demonstrates that prevalence of acute respiratory infection increased progressively for preschool children as they spent more time in a day-care center.
The children who had stayed 24 hours in the previous two weeks had been in the center for six hours on two different days of the week, and those who had spent the most time had been there for 10 hours a day. Hurwitz et al. (1991) had characterized a weekly mean of 34 hours in children from 18 to 59 months of age who attended a day-care center in Atlanta. Still, this Atlanta study failed to find a greater frequency of ARI among children who stayed at the day-care center for over 40 hours a week as compared to those who only stayed during the normal shift.
In our study, we found that time spent at the day-care center and prevalance of ARI were independent of other exposures, including the score of household goods, number of persons sleeping in the child's room, child's age, and presence of siblings. In the study by Hurwitz et al. (1991) , the risk of respiratory infection varied from 1.3 (36-59 months) to 1.6 (6-17 months) for children attending an institutional day-care center as opposed to those in family day care. In addition, Fonseca et al. (1993) and Victora et al. (1994) found that risk of pneumonia as diagnosed radiologically was approximately 5 to 9 times greater among children attending day-care centers. However, in these two studies the children were under two years of age, and the authors did not investigate association with the number of hours spent at the centers. Hurwitz et al. (1991) found that the presence of a greater number of siblings living in the same house reduced the incidence of ARI, particularly for children aged 36 to 59 months. In our study we detected a trend for children living with siblings to be protected against ARI, as compared to those with no siblings at home.
With regard to other confounding factors, we found that children with lower scores for household goods had a higher prevalence of ARI. A lower score for household goods appears to at least partially reflect a longer stay in the day-care center, which is more frequent among children from families of lower socioeconomic status. Parents of preschool children in our study had a higher mean level of schooling than described for parents of children attending the day-care centers in Rio Grande do Sul that were studied under the PIMES project (1993). In the latter, 58% of the parents had not finished primary school, and only 13% had finished primary school, while in our study 42% of the fathers and 52% of the mothers had begun or concluded secondary school. This difference in schooling may be due to the fact that at least one of the two parents was a university hospital employee.
A greater number of persons living in the household (particularly those sleeping in the same room with the child) produces greater exposure to respiratory infections. A relationship between more persons living in the household and increased incidence of lower respiratory tract illness has been shown by Anderson et al. (1988) and Victora et al. (1989) , the latter having found an increase in death from pneumonia. Our study shows a trend for association between the number of persons sleeping in the child's bedroom and prevalence of ARI.
We were not able to detect a statistically significant assocation between respiratory infection and presence of smokers in the household. Victora et al. (1994) also failed to find an association between smoking in the household and pneumonia. Holberg et al. (1993) found that smoking by day-care attendants was asso- ciated with greater risk of rales among threeyear old children attending the center. Our study was unique in showing that the number of hours per week spent at the day-care center increased the risk of ARI, and that this risk was independent of crowding at home, number of siblings, the child's age, and the material goods available in the household. Thus, close household contact with persons caring for the child (parents, grandparents, brothers and sisters, and babysitters) and with those sleeping in the same bedroom, even when facilitating exchange of pathogens, does not reach the same level as in transmission through interaction with other children in a day-care center, according to Haskins & Kotch (1986) . Since children will continue to attend day-care centers and it is unlikely that such attendance will be shortened (due to the parents' occupational demands), predictive factors for ARI should be studied in relation to the day-care centers' characteristics. The family day-care system, which is widespread in the United States and consists of no more than six children of the same age, may be one feasible alternative for Brazil.
